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Wc have used tandcm pairs of ERS- 1/2 radar
observations of the Jakobshavn Glacier, in Greenland,
for the purpose of estimating the icc motion.
In(crfcrograrns arc rnadc from two such pairs, scparamd
by the 35 day repeat cycle. Motion can bc estimated
from these without knowledge of the local topography.
Although the temporal baseline of the intcrfcrograms
was only onc day, the correlation from the fast moving
ice was very low. Bccausc of the resulting phase noise,
wc have used a sccnc-dcpcndcnt filter to help unwrap
the intcrfcrograms. For the upper part of the glacier, the
filter worked WCII. The filter and [he measured icc
motion are prcscntcd below.

INTRODUCTION

Intcrfcrogram phases depend on both the local
topography and any motion of the icc which occurs
bctwccn the observations. If the spa[ial baseline is short
and the scene not too rugged, tbcn the topographic effect
is negligible]. Jaughin, ct a12,and Cumming, ct a13,have
used radar interferograms and local digital topo maps to
estimate glacier motion. Ilcre, wc usc a second
intcrferogram (and assume that (hc motion is tbc same
bctwccn the first tandcm pair and the second) to estimate
the motion.

The fastest moving glaciers appear to bc the most
interesting ones. These arc also the ones that give the
Iowcst correlation for repeat-track intcrfcromctry. The
three-day data, when ERS- 1 was in the “ice” mode,
produced very noisy intcrfcrograrns of the Jakobshavn
Glacier. The one-day repeat data afforded by the ERS-
1/2 tandcm mission rcprcscn(s a significant
improverncnt. However, much filtering remains to be
done.

FILTERING

in the sccnc.

What is needed is a filter which can accormnodatc (o the
changing fringe frcqucncics and bandwidths. Plate I
depicts the need for filtering and presents some results.
The top illustration is an unfiltered piccc of the
Jakobshavn intcrferograrn. Even though fringes can bc
seen, the noise is too high for the ncccssary phase
unwrapping. Moderate filtering, shown in the second
illustration, produces enough improvcrncnt to pcrmi[
successful unwrapping. Heavy filtering, the third
illustration, produces remarkable clarity of the fringes.

FI1.TllR PROTOCOI ,

The filter wc have used is simple enough to dcscribc in
a fcw Iincs, First the interfcrogram is divided into
patches, of siz.c 32 by 32 pixels, with 50% overlap in x,
y. Each patch is Fourier transformed, and the following
scene-dependent operation is applied [o each pixel:

(1)

where C( is the filter parameter.

The patches arc then inverse I:ouricr transformed and
rcasscrnblcd, with a linear taper in x, y. I:or ct = 0, no
filtering is done; for ~ = 1, there is strong filtering.
When cx = 1, the signal band-area is halved, and the
signal-to-noise ratio is squared.

JAKOTK3hAVN GI,ACIER

Figure 1 illustrates the intcrferogram phases of onc Iinc
of constant azimuth for two visits of the ERS - 1/2
satellites tandem pair.

Dccorrclation, which is caused by dis(urbanccs in the
sccnc, by baselines approaching the critical length, and
by thermal noise, produces intcrfcrogram phase noise
which is spatially wide-hand. The desired signal part of
the phase, however, is usually very narrow-band
(locally). Globally, the signal is not narrow-band, since
most fringe frequencies and directions appear somcwhcrc
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I:igurc 1: In(crferogram phases, showing both motion
and topography. The two baselines had nearly the same.
perpendicular component, but opposite directions. Points
tha( could not be unwrapped show zero phase.

When lhc phases from rmc intcrfcrogram arc ploltcd
agains[ those from the other, the result should be a small
arc of an cllipsc4, with (hc topographic information
suppressed. The Iinc-of-sigh( motion of the ice is
revealed by the departure of the points from the arc.
This is iil&[ratcd in Figure 2. -
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Figure 2: The upper curve is the data from figure 1,
rcplotted. The lower curve gives the residuals from a
least-squares ellipse fit, and represents the icc motion.

RESULTS

The results for the upper rcachcs of the Jakohhavn
Glacier are prcscntcd in Plate 2, for an area 2 I hy 17
km. Resolution is about 20 m. The spacecraft flight
dircc(ion was down, parallel [o the right edge of the
illustration. No topographic liC-pOkttS were used, hu[
estimates of stationary regions were made a[ Ihc cornc[s,
WCIIoutside of (hc illustrated area.

The upper image is of radar brightness; the Iowcr is of
line-of-sight displaccmcnt, with topography removed.
The local maximum at the upper-right bull’ s-eye was 6.7
cm per day. F!ch fringe rcprescn(s an increment of
movcmcrtt of 1.4 cm pcr day. Areas that could not bc
unwrapped arc rcplaccd with the brightness irnagc.
Even the sccnc-dcfindcnt filter could not help in th&c
places.

The research dcscribcd in this paper was canicd oul, in
part, by the Jet Propulsion Laboratory, California
Institute of Tcchrtology, under a contract with the
National Aeronautics and Space Administration.
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It was ncccssary to identify areas in the sccnc for which
(here was Iittlc or no movement in order [o solve for the
ellipse. We have also assumed that the motion was the
same on the two days between observations.
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